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Overview
- Consumption-based approach

+ On different spatial scales

* International (trade)

* National (US, China)

* Regional (examples from the UK)

* Local (housing project in Vienna,
Austria)

* Summary



Today's production is based

on global supply chains

Division of labor -sonicare eite 700" production and supply locations
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1 China (Shenzhen), copper coils 4l ';j
2 Japan (Tokyo), nickel cadmium cells E
3 France (Rambouillet), charging components 8 Sweden (Sandviken), ' ~
| 4 JBhlN8 (Zhubai), etching of circult boards production of special steel
5 Talwan (near Taipei), nickel cadmium cells, 9 Austria (Klagenfurt), _
ey '-h{lﬂlﬂ mnem pre-cutting of special steel, plastic parts
| jysia (Kuala Lumpur), circuit board components 10 United States (Snoquaimie),
7 ':;.. s (Manila), assembly of plastic parts
- soldering 11 United States (Seattle), packaging

Der Spiegel, The Global Toothbrush, 01/31/2006
http.://'www.spiegel.de/international/spiegel/0,1518,398229,00.html



What are consumption-based emissions?

(Carbon Trust, 2006)
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Similar to calculating
emissions by all
factories in a given
territory

we could also

calculate emissions
by all products and
services consumed

in that territory

(Source: Santacana, 2008)



in the first case, we
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will know WHERE
emissions occur

(Santacana, 2008)
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in the second

case, we will
know WHY |
emissions occur?_




ife-Cycle Analysis (LCA)

From cradle to the grave using
L




There are millions of products, each one is
different from the other!
If we want to calculate emissions from

' itory, we will




“TOP DOWN" AND "BOTTOM-UP” APPROACH
CONSUMPTION EMISSIONS (CARBON FOOTPRINT)

“TOP DOWN”
Input-Output Analysis

|

@ “&% Carbon footprint of products and !

activities “BOTTOM-UP”
LCA

Carbon footprint of countries

Regional carbon footprint
Local carbon footprint

Carbon footprint of companies and
E!;l organizations

Citizen carbon footprint




What are direct and indirect emissions of a household?

Indirect GHG emissions (supply chain) Direct GHG emissions

t tC0O,-eq
B




CALCULATING CONSUMPTION EMISSIONS

Input-Output Tables
show how

J
Agricultura, Extraccmnl y
5 . Pesca y aglomeracion
ganaderia y Selvicultura ) i
acuicultura de antracita,
caza
hulla, lignito v
T510-01 T510-02 T510-03 T510-04
Productes de la agricultura, ganaderia y
=T TSI0-01 27911 2,1 9,4 ]
Productos de la selvicultura, de la
explotacion forestal v servicios afines 1510-02 18,4 0,5 0 0
Pescado y otros productos de la pesca;
servicios relacionados con la pesca 1510-03 0 0 0 0
Antracita, hulla, lignito y turba
TSIO-04 0,5 ] 0,2 0,2
Petrdleo crude ; Gas natural; Servicios
relacionados con la extraccion de petrileo 1510-05 0 0 0 0

the sectors of an economy are interrelated (in $)

an economic activity demands, in its production process, /nputs from
other economic activities

an increase in final demand of a good or service produces an /ndirect
demand of other goods and services that serve as intermediate
inputs to producing that specific good

(Santacana, 2008)




Production and consumption categories

Consumption categories
(COICOP group)

Food (COICOP 1, 2)

Calculation of consumption emissions by
production activities

Products of agriculture, hunting and related services S10T-01 CIOthing and footwear (COICOP 3)
Products of forestry, logging and related services S10T-02 Household energy (CO/COP 45)
Fish and other fishing products and related services SI0T-03 H ] f ishi dh hold
Anthracite, coal, lignite and peat SI0T-04 CCIe, UEITSIlnSE) Cln SRR
Crude petroleum and natural gas; services incidental to oil and gas QOOdS (COICO'D 41 5)

extraction. Uranium and thoriom ores SI0T-05

Iron ores; non-ferrous metal ores, except uranium Health (CO/COP 6)

and thorium ores SI0T-06

Mon-metallic and non-energy ores SI0T-07 Transport (COICOP 7)

() ‘ Communication (COICOP 8)

Mon-market education services SI0T-65 Recreation and culture (COICOP 9)
MNon-market health d veteri ices; -

m%qa?qsaerw?cesea care and veterinary services SIOT-66 Education (CO/COP 10)

Mon-market public sanitation services SI0T-67 Restaurants and hotels (CO/COP
Services provided by trade unions; services provided by other types 1 _

of associations SI0T-68 Nitécellaneous goods and services
MNon-market recreational, cultural and sporting services SI0T-69 (CO/COP 12)

Private households with employed persons SI0T-70

Financial mediation services indirectly measured (FISIM) SI0T-71
Househalds

(Santacana, 2008)



What are direct and indirect emissions of a household?

Education

Health
Communications
Clothing/Footwear
Mis Goods/Services
Rec/Culture
Utilities
Furnish,Equip,Maint
Housing
PrivateTransport
AlcBev, Tobacco

Food/NalcBev

0.0 2.0 4.0
ton CO2elcap-yr

(Weber & Matthews 2008 with newer data)

6.0

“DirectCO2
LCco2

CH4
“N20

“HFCs

8.0




CO, emissions (Mt CO,)

UK's CO2 emissions

- (C0O2 producer emissions (UK Environmental Accounts)

CO2 consumer emissions (UK carbon footprint)

800 -
= = = CO2 emissions reported to UNFCCC (UK territorial emissions)

750 -
700 -
650 -
600 _ \/\/\/\/
5507 ...' ~---~.‘_—"\~§'¢‘--
500 I I I I I I I I I I I I I |

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Year



Summary - Methods

* Production versus consumption-based
accounting approach

* Hybrid models (IO & LCA)
* Problems

Next: some applications






US household CO, and location of imports (2004)

Educauon ;-I

Health | m—l

Communications I—I

Domestic

o Al

m NonAnnl

Clothing/Footwear

Misc Goods/Services

i
Rec/Culture - ’—I
A
i

RN

Utilities/Home Energy

Furnish, Equip,Maint

&

Housing

PrivateTransport 7

AlcBev, Tobacco j—l
Restaurants,Hotels —

Food/Bev at Home m

0 500 1000 1500 2000
(Weber and Matthews 2008) MT CO,




EmbOdied COZ in impor‘-l_s (Weber and Matthews, 2008)
1.4 [ . |
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|
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Embodied CO2 in expom‘s and |mpor’rs (2001)

United States
China

Russian Federation
Japan

India

Germany
United Kingdom
Canada

France

ltaly

Korea

Mexico
Australia

South Africa
Brazil

World — : § 4

-Exnﬂrts 1
2 Imports |

0

10 20 30 40 50
Percentage of total domestic emissions (Production)

(Peters and Hertwich 2008)



EU CO2 Trade Balances

Source: Komerup Bang et al. (2008)



Cartogram morphed by total GHG emissions from consumption

GHG by GTAP region

tonnes CO2e per person
0.73 - 2.11

$212-5.15

B 5.16 - 10.39
B 10.40- 16.21
B 16.22-21.20
B 2121-4157

Source: SEI (2008)
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Summary - Trade

* Large inequalities internationally
* And within countries

» Consumption-based approach favours
developing countries

Next: China






Motivation: China's CO,
Emissions

Mmt CO2

6000

Chinese CO2 Emissions (IEA Estimate)

5000
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0
1965
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US Current
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China: Structural Decomposition Analysis

- From 1992 to 2002, 59% increase in CO2

150

Consumption
Volume, 129%
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=i

o Total, 59%
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- Consumption
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& Structure, 3%
5 Production

Structure, -11%

Emissions
etficiency, -62%

-100
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Drivers of change (1992-2002)

The contribution of the different final demands to changes
in the SDA

B60%

0%

A0%

30%

20%

10%

O Construction

O primary iron and steel manufacturing

S p‘ﬁ ;'&! O other special industrial equipment
&‘5 ﬁ,;.“ O Other electronic and communication equipment
< Gﬂ' U Electronic computer

O Motor vehicles and its fittings



China’'s exports

(Weber et al.,2008)

Mt CO2
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Destinations of China’'s exports

100%:

80%
[ |
8 Bl MNon-B
E BO%: Rest of B
(=1
-y BWEIT
[ IR
B Euz7

: 409
= Ml us
ury

2 0%

0 %o
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Figure 1: Region of destination for Chinese CO2 emissions embodied in exports by vear. EU2X7
does not include any economies in transition (EIT). and "Rest of B" represents all remaining
Annex B conntries which do not fall into another group.

(Weber et al. 2008)




Chinese export emissions by commodity group

1750
W Transport/Services
1500 . Mise Manufacture
M Electronics
1250 Machinery/Equip
Metal Products
B Raw Metals
a3 1000 W WoodMineral Prod
(b Chemicals/Plastics
IE'J' 750 B Textiles
2 Ag+Mining

A\ =) M Oy “ A, ) M Oy )
&
@h@ﬁﬁh@h@h@@@ﬁﬁ@
(Weber et al. 2008)









MOSAIC: Using Geo-demographic

Data
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Comprehensive post-code specific

information on property,
and their lifestyle

- 61 lifestyle groups
- over 400 variables

residents

www.sei.se/reap

Experian: world leading
supplier of consumer
segmentation

MOSAIC UK: consumer
classification
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CO2 by Local Authority

tonnes of CO2 per household
17.10 - 20.40

| 20.40-21.50

B 2150-2250
B 2250-24.10
I 24.10-29.40

(www.sei.se/reap)

Average weekly household total income
pounds stirling

420 -
500 -

B 550 -
I oo -
I 700-

500
550
600
700
1040




Specific carbon footprints

Housing Travel Food

(www.sei.se/reap)



Public Transport Carbon Footprint (by OA)
tonnes per capita
064-083
[ os3-080
I o5s-1.01
B ioi-i19
| EEEERE:S]




Case Study

Car-Free City:
Vienna, Aus'rr'l )

(Ornetzeder et al. 2007)



Location in Vienna (Wien)

WIEN

=




COZ2 emissions

8 000
0.49 kg/Ee
7 000 -
6 000 -
'g- m Other
E_ 5000 - 0.40 kg/e O Hotel+Restaurant
g 0.33 kg/e Food
' 4 000 | Car + moped
E O HolidayTransp
g 3 000 m Publ. Transport
Ener
-@ > O gy
2000 | B 4
1 000 -
i— |
Car free Reference Average

Austrian



Emissions

Cat-free Refetence
. o ect settlement
aelected areas of consumption i ke G0 per capita
Enetay (heating wart watet, electricity) 459 620
Fublic transport B il
Holiday transport (moatnly aitravel) 1,336 1,119
Cat, motothike, ete. 37 alT
Food iy 163
Haotel and restautant 212 1 4%
Dthet 1,730 1,613
total 4,402 4344



Approach allows linking the global and the local

10 23000

(www.sei.se/reap)



Conclusions

* Holistic approach

- Territorial, Production and Consumption

- Territorial explains where

- Consumption explains why

» Combination of top-down and bottom up

* Analyses at different scales: global,
national and local



Conclusions cont...

+ Scientific challenges

- Uncertainty, data, methods,
definitions, ...

- Can be overcome with time

» Policy and Regulatory Challenges

- Actors operate outside of their
“territory”



Conclusions cont...

Currently, we see a separation between a
country’'s consumption and the global
production system

Rich countries tend to have:
- Stabilized production-based emissions
- Increased consumption-based emissions

Brings into question decoupling of economy
and emissions



Conclusions cont...

-"Shadow Consumption based Indicator”
alongside official accounting

-Effective policy on sustainable
consumption and production

Increase transparency and equity in
climate change policy
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Health
Communications
Clothing/Footwear
Misc Goods/Services
Rec/Culture
Utilities/Home Energy
Furnish,Equip,Maint
Housing

Private Transport
AlcBev, Tobacco
Restaurants,Hotels

Food/Bev at Home

m Expenditure
CO2

0 500 1000 1500 2000

T CO; and $10° HH Expenditure

Source: Weber & Matthews (2008)
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Carbon Footprint and Household Size

O Housing

B Education

B Health

B8 AlcBev,Tobacco

B8 Communications

B Clothing/Footwear

=

Goods/Serv

0 Misc

O Rec/Culture

B Utilities

@ Restaurants,Hotels

@ Furnish,Equip,Maint

B PrivateTranspont

O Food/NalcBev

40

H

5

4
Household Size

(Weber & Matthews, 2008)






How to reach 20 GTCOZ2e by 2050

Index
(2008=1)
1 r Carbon productivity
10 + growth required
5.6 percent per annum
T o GDP
g | Carbon productivity = ——————
Emissions
?‘ -
6 -
World GDP growth
3 r at current trends*
4 b 3.1 percent per annum
(real)
3 -
2 -
1 r Emissions decrease to
reach 20 GtCO e by 2050

-2.4 percent per annum
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Source: McKinsey Analysis



A 'Carbon revolution' needs to be 10 times faster than the
industrial revolution rise in labour productivity

Index
Year 0= 1
10 F "
I
Carbon productivity / US labor
8 r growth required / productivity growth
2008-50 ; 1830-1955
6 | /-
/
/
4T /
/
Vs
2 F ~
-~
[
D | | | | : | | | | | | | | : |

0 10 20 30 40 50 60 70O 80 90 100 110 120 130
Years
Source: Contours of the world economy 1-2030 A.D. Madison, 2007. McKinsey Analysis.



Live at 20 6TCO2e per year

Per-capita annual emissions, 2005
TCO.e “Emission budget” for a day (alternatives)

United States 21.5|| Travel 20-40 km car ride

Russia 15.9 Stay home 10-20 hours air conditioning

EU-27 9.6 Shop 2 new T-shirts (6 kg of CO,,

so don't drive to the shop)

China 57 ||
Eat 2 meals a day (6 kg CO,)

India of 300 g meat, 200 g fries,

Corresponding tap water
World sustainable to 6 kg of CO.e
average* ' per day

Source: McKinsey Analysis



Carbon emissions from meat consumption

Contribution to UK Meat Footprint
0.1
10

“P 1000 1000t CO2 per year
Forest Change
hectares per year
B 3500000 to -10000
B -10000to -100
-100to 0
No Change or No Data
0 to 100
100 to 10000

I 10000 to 110000

(www.sei.se/reap)




Global Balance

Hong Kong e B Carbon dioxide (clzoz) |
United Kingdom [ B Methane (CH4)
Germany [.7_' O Nitrous Oxide (N20)
Japan [H:_: D Fluorinated Gases
United States T _
Brazil |

South Africa

Rest of Former Soviet Union

Rest of Middle East

——

[ I |

Russian Federation

I—'II_II

China

I

]

-

I

:T
|

800 -600 -400 -200 O 200 400 600 800 1000
Mt CO2-eq (2001)

Source: Peters (2008)




IPCC definition: “national (including administered)
territories and offshore areas over which the
country has jurisdiction”

Production-based inventories are based on the
economic activities of residential institutions as defined in
the System of National Accounts (including international
economic activities primarily, international transportation
and tourism—as defined in GDP

Consumption-based emission inventory as the total
global emissions occurring from economic consumption
within a country



Approaches

» case-control study of the ‘car-free’
settlement

» combination of the quantitative and
qualitative social research designs

» with input-output analysis,
+ LCA,

* questionnaires, and

» qualitative interviews.



Emissions

COo[t] | NO:[kg) | COD [ke]| &0x[g) | Toxte | Energy | Expendsture
waste[ke] | [G]] [kE]
Corfies | 42 T 50 61| 75 2
R eference 45 3 0 3 54 80 1.2
Average 7.0 6 11 6 71 101 43




Mobility

aelected types of transport Cat-free project  Reference settlement
by cat
howseholds with 0 km 10 2003 39.5% 27.3%
total ( all households) 1o 2003 (km) (44 hh) 23,778 (46 kb 203,018
by cat-shating 8,178 4,24l
average distance per household 1n 2003
(km) 366 10,979
by train
total ( all howseholds) 10 2003 (km) 17,600 3,700
average distance pet household i 2003
(k) 1,843 144
by atrplane
shate of households withowt flights 1 2003 42.9% 32.4%
total (all households) 1o 2003 (k) 291,00 266,900
average distance per household 1 2003 (km) 6,943 0,447

total distance by car, train, atrplane pet
_household (km) 9,361 17,34l




CO2 without air transport [t]

CO2 emissions
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US Cities

Australien Cities

(Runge 2005 after
Newmann &
Kenworthy 1989)
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Wiedmann et al. (2008)
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Structural Decomposition Analysis (1981-02)

600.0

400.0

200.0 -« ——*

0.0 ——

1981 1983 1987 19590 L3P 2 1995 1997 2000 2002
-200.0

-400.0

-200.0

Figure 1: The orange line shows the percentage change in CO, emissions from 1981 to
2002. Other colored lines represent the contribution to change from GDP per capita
growth (light blue. 469%), efficiency gains (red. -425%). population (dark blue. 72%o),
production structure (green. 45%)., and consumption patterns (purple, 42%). The
inconsistent efficiency gains (red line) between 2000 and 2002 are due to the under-
reporting coal consumption at the end of 1990s (6, 20).

(Guan, et al. 2009)



Carbon Footprint (CO2et/hh)
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